


































	 Two	 isotype	 mononuclear	 yttrium(III)	 and	 erbium(III)	 complexes,	 {[Y(HL)(OAc)2(H2O)2].
(H2O)∙(NO3)}	(1)	and	{[Er(HL)	(OAc)2(H2O)2].(H2O)∙(NO3)}	(2),	where	HL	is	the	neutral	Schiff
base	 ligand	 1‐(pyridin‐2‐yl)‐2‐(pyridine‐2‐ylmethylene)hydrazine,	 and	 OAc	 is	 the	 acetate




wR2	=	0.112	and	 for	 complex	of	Er(III)	 a	=	7.913	(1)	Å,	b	=	11.719	(2)	Å,	 c	=	12.487	 (2)	Å,
α	=	78.832	(1)°,	α	=	73.674	(1)°,	γ	=	72.012	(1)°,	V	=	1049.64	(3)	Å3,	Z	=	2,	R1	=	0.028,	and















loped	 molecular	 materials	 with	 specific	 properties	 [1‐5].	
Catalysis,	 [6,7]	 optics	 [8,9]	 and	molecular	magnetism	 [10,11]	
has	seen	spectacular	development	in	recent	years	through	the	
use	 of	 Schiff	 bases	 complexes.	 A	 thorough	 review	 of	 the	
literature	allowed	us	to	see	that	a	number	of	metal	transition	
complexes	[12‐15]	from	Schiff	base	derived	from	2‐hydrazino	




is	 very	 interesting	 as	 co‐ligand	 because	 of	 its	 versality.	 The	
acetate	anion	can	have	several	modes	of	coordination	because	
of	 the	 four	 coordination	sites	 due	 to	 the	 two	electronic	pairs	
per	oxygen	atom	of	the	carboxylate	group.	This	ability	allows	
the	acetate	group	 to	coordinate	with	one,	 two	or	 three	metal	
centers,	 allowing	 the	 formation	 of	 polymer	 coordination	
compounds	[17,18].	
In	this	paper,	 the	1‐(pyridin‐2‐yl)‐2‐(pyridin‐2‐ylmethyle‐	
ne)‐hydrazine	 ligand	 is	 used	 for	 synthesizing	 mononuclear	
lanthanide	 complexes	 using	 acetate	 anion	 as	 co‐ligand.	 Two	
new	 complexes	 {[Y(HL)(OAc)2(H2O)2]∙(H2O)∙(NO3)}	 and	
{[Er(HL)(OAc)2(H2O)2]∙(H2O)∙(NO3)},	 were	 prepared	 and	














of	 the	 metal	 complexes	 in	 dimethylformamide	 (DMF)	 was	
measured	 at	 25	 °C	 using	 a	WTW	 LF‐330	 conductivity	meter	
with	 a	 WTW	 conductivity	 cell.	 Room	 temperature	 magnetic	
susceptibilities	of	the	powdered	samples	were	measured	using	





spectrometer	 at	 room	 temperature	 using	 TMS	 as	 internal	
reference.	UV‐VIS	spectra	were	recorded	in	methanol	solution	
concentration	 of	 1×10‐3	 M	 at	 25	 °C	 and	 wavelength	 was	







The	 Schiff	 base	 ligand	 1‐(pyridin‐2‐yl)‐2‐(pyridine‐2‐
ylmethylene)hydrazine	 (HL)	 was	 synthesized	 as	 follow:	 2‐
hydrazinopyridine	 (1.0913	 g,	 10	mmol)	 in	 20	mL	 of	 ethanol	
was	added	to	a	solution	of	2‐pyridinecarbaldehyde	(1.0711	g,	
10	mmol)	dissolved	in	25	mL	of	ethanol.	The	resulting	mixture	
was	 stirred	 under	 reflux	 during	 30	 min.	 After	 cooling,	 the	
solution	was	completed	 to	100	mL	with	ethanol	 and	 store	 in	
the	 refrigerator.	 10	 mL	 of	 this	 solution	 was	 evaporated	 to	
dryness	 and	 the	 NMR	 spectrum	 of	 the	 resulting	 liquid	 was	
recorded.	
1‐(Pyridin‐2‐yl)‐2‐(pyridin‐2‐ylmethylene)‐hydrazine	 (HL):	
Color:	 Brown	 liquid.	 FT‐IR	 (KBr,	 ,	 cm‐1):	 3204	 (NH),	 1635	
(C=N)	 (Imine),	 1595	 (Pyridine	 ring),	 1576	 (Pyridine	 ring),	
1147	(N‐N).	1H	NMR	(250	MHz,	DMSO‐d6,	δ,	ppm):	11.185	(s,	




and	 7.25	 Hz,	 H‐Py).	 13C	 NMR	 (62.5	 MHz,	 DMSO‐d6,	 δ,	 ppm):	
106.500	 (C‐8),	 115.528	 (C‐10),	 118.810	 (C‐4),	 122.878	 (C‐2),	
136.422	(C‐3),	137.989	(C‐9),	139.164	(C=N),	147.798	(C‐11),	







Er)	 (1	 mmol)	 in	 ethanol	 (10	 mL).	 The	 mixture	 was	 stirred	
under	reflux	for	30	min	and	the	resulting	yellow	solution	was	
filtered‐off	 and	 the	 filtrate	 was	 kept	 at	 298	 K.	 Yellowish	
powder	 began	 to	 appear	 after	 one	 day	 and	was	 collected	 by	
filtration.	Upon	keeping	an	ethanol	solution	of	the	powder	for	
three	 days,	 colored	 crystals	 (red	 for	 Y	 and	 yellow	 for	 Er)	
suitable	for	X‐ray	diffraction	was	afforded.		
Complex	Y3+:	[C15H20YN4O6·(H2O)·(NO3)].	Yield:	59%.	Color:	
Red.	 FT‐IR	 (KBr,	 ,	 cm‐1):	 3179	 (OH),	 1625	 (C=N)	 (Imine),	
1607	(Pyridine	ring),	1540	(asCOO,	carboxylate),	1422	(sCOO,	





5.00	 (b,	 6H,	H2O),	 2.50	 (s,	 6H,	 CH3COO).	 13C	NMR	 (62.5	MHz,	
DMSO‐d6,	δ,	ppm):	107.525	(C‐8),	115.512	(C‐10),	118.803	(C‐




(S.cm2.mol‐1):	 89.	UV/Vis	 (DMSO,	max,	 nm,	 ε	 (M‐1	 cm‐1)):	 315	
(0.92),	335	(2.82),	363	(0.89).	
Complex	 Er3+:	 [C15H20ErN4O6·(H2O)·(NO3)].	 Yield:	 57%.	
Color:	 Yellow.	 FT‐IR	 (KBr,	 ,	 cm‐1):	 3180	 (OH),	 1626	 (C=N,	
Imine),	1608	(Pyridine	ring),	1551	(asCOO,	carboxylate),	1423	





5.00	 (b,	 6H,	H2O),	 2.50	 (s,	 6H,	 CH3COO).	 13C	NMR	 (62.5	MHz,	
DMSO‐d6,	δ,	ppm):	106.540	(C‐8),	115.570	(C‐10),	118.850	(C‐









The	 methanol	 solution	 of	 3.9	 mL	 DPPH•	 (40	 mg/L)	 was	
added	to	test	compounds	(100	µL)	at	different	concentrations.	
The	mixture	was	shaken	vigorously	and	incubated	in	dark	for	
30	 min	 at	 room	 temperature.	 After	 the	 incubation	 time,	 the	
absorbance	of	the	solution	was	measured	at	517	nm	by	using	
JENWAY	6505	UV/VIS	spectrophotometer.	The	DPPH•	radical	
scavenger	 effect	was	 calculated	using	 the	 following	 equation:	
Scavenging	 activity	 (%	 control)	 =	 [(Acontrol	 ‐	 Asample)/Acontrol	
]×100	where	Acontrol	 is	 the	 absorbance	of	 the	control	 reaction	
and	Asample	is	the	absorbance	of	the	test	compound.	Tests	were	






ment	 are	 given	 in	 Table	 1.	 Diffraction	 data	 were	 collected	
using	 an	 ENRAF	 NONIUS	 Kappa	 CCD	 diffractometer	 with	
graphite	monochromatized	MoKα	 radiation	 (	 =	 0.71073	 Å).	
All	 data	 were	 corrected	 for	 Lorentz	 and	 polarization	 effects.	
No	 absorption	 correction	 was	 applied.	 Complex	 scattering	
factors	were	 taken	 from	the	program	package	SHELXTL	 [19].	
The	structures	were	solved	by	direct	methods	which	revealed	
the	position	of	all	non‐hydrogen	atoms.	All	the	structures	were	
refined	 on	 F2	 by	 a	 full‐matrix	 least‐squares	 procedure	 using	
anisotropic	 displacement	 parameters	 for	 all	 non‐hydrogen	
atoms	 [20].	 The	 hydrogen	 atoms	 of	water	molecules	 and	NH	










hydrazinopyridine	 and	 2‐pyridine	 carboxaldehyde	 in	 ethanol	
(Scheme	 1).	 The	 lanthanide	 complexes	 were	 synthesized	 by	
mixing	 ligand	 solution	 with	 lanthanide	 nitrate	 hexahydrate	
and	 sodium	 acetate	 in	 a	 molar	 ratio	 1:1:3.	 The	 afforded	
compounds	 are	 soluble	 in	 polar	 organic	 solvent	 such	 as	
methanol	 or	 DMSO.	 Elemental	 analyses	 gives	 result	 in	
agreement	 with	 the	 chemical	 formulae	 obtained	 from	 X‐ray	




is	diamagnetic	 in	nature	while	 complex	Er3+	 shows	paramag‐
netic	property	with	μeff	value	of	9.52	μB.	This	value	is	 in	close	
proximity	 to	 the	 value	 for	 the	 free	 Er3+	 ion	 reported	 by	 Van	
Vleck	 and	 Frank	 [23].	 The	 ligand	 field	 does	 not	 affect	 the	
magnetic	 moment	 of	 the	 Er	 in	 the	 complex	 indicating	 no	
involvement	 of	 the	 4‐f	 electrons	 in	 the	 coordination.	 In	 the	
infrared	spectra	of	the	lanthanide	complexes	absorption	bands	


































Final	R	indexes	[I≥2σ	(I)]		 R1	=	0.0511,	wR2 =	0.1082	 R1 =	0.0280,	wR2 =	0.0604		












moiety	 decreases	 upon	 coordination	 as	 observed	 in	 both	
spectra	of	complexes.	The	presence	of	broad	band	of	medium	
intensity	at	ca.	3180	cm‐1	and	a	sharp	band	at	ca.	828	cm−1	are	
due	 to	 the	 coordinated	 water	 molecule	 [24].	 Characteristic	
strong	and	sharp	band	which	is	attributable	to	uncoordinated	
NO3‐	 ion	 is	 observed	 at	 1363	 cm‐1	 for	 complex	 Y3+	 and	 1365	
cm‐1	for	complex	Er3+	confirming	that	both	complexes	are	1:1	
electrolyte.	Spectrum	of	the	complex	Y3+	shows	bands	at	1540	
and	 1422	 cm‐1	 (Δν	 =	 118	 cm‐1)	 while	 complex	 Er3+	 exhibits	
bands	at	1551	and	1423	cm‐1	(Δν	=	128	cm‐1).	These	vibrations	
are	 assigned	 respectively	 to	 asymmetric	 νas(COO)	 and	
symmetric	νs(COO)	stretching	vibrations	of	acetate	group	[25].	
The	 difference	 between	 the	 frequencies	 of	 asymmetric	 and	
symmetric	vibration	(Δν	=	νas	‐	νs)	of	the	carboxylate	group	is	a	
criterion	 often	 used	 to	 find	 the	mode	 of	 coordination	 of	 the	
carboxylate	 group	 [26].	 A	 value	 of	 Δν	 between	 160	 and	 175	
cm‐1	is	indicative	of	an	ionic	acetate	group.	A	larger	Δν	value	is	
obtained	 when	 the	 carboxylate	 group	 acts	 as	 monodentate	










assigned	 to	 the	 n‐π*	 transitions	 of	 the	 pyridine	 rings.	 Both	
spectra	 of	 the	 complexes	 are	 virtually	 identical.	 The	 bands	
observed	 in	 the	 spectrum	of	 the	 ligand	are	 slightly	 shifted	 to	
the	low	energies	in	the	spectra	of	the	complexes,	consequence	
of	the	coordination	of	the	nitrogen	atoms	of	the	pyridine	ring	
and	 the	 azomethine	 atom	 of	 the	 C=N‐NH	 chromophore.	 No	
further	 information	 is	 provided	 by	 the	 UV	 spectra	 of	 the	
reported	complexes.	The	NMR	spectrum	of	the	free	HL	ligand	





in	 their	 expected	 regions.	 The	 unique	 non‐aromatic	 C=N	
carbon	 atom	 is	 located	 at	 ~140	 ppm	 while	 the	 aromatic	
carbon	 atoms	 show	 signals	 in	 the	 range	 106‐156	ppm.	Upon	








Atom‐Atom	 Bond	lengths	(Å)	 Atom‐Atom	 Bond	lengths	(Å)	
Y1‐O6W	 2.320	(3)	 Er1‐O6W 2.316	(2)	
Y1‐O5W	 2.330	(2)	 Er1‐O5W 2.321	(2)	
Y1‐O2	 2.366	(2)	 Er1‐O1	 2.360	(2)	
Y1‐O4	 2.424	(3)	 Er1‐O3	 2.417	(3)	
Y1‐O3	 2.453	(2)	 Er1‐O4	 2.443	(2)	
Y1‐O1	 2.455	(2)	 Er1‐O2	 2.455	(2)	
Y1‐N2	 2.522	(3)	 Er1‐N1 2.507	(3)	
Y1‐N1	 2.554	(3)	 Er1‐N3 2.540	(3)	
Y1‐N3	 2.557	(3)	 Er1‐N2 2.543	(3)	
Atom‐Atom‐Atom	 Bond	angles	(°)	 Atom‐Atom‐Atom	 Bond	angles	(°)	
O2‐Y1‐O4	 142.58	(10)	 O1‐Er1‐O3 142.71	(10)	
O2‐Y1‐O3	 146.04	(9)	 O1‐Er1‐O4 145.74	(9)	
O4‐Y1‐O1	 146.09	(9)	 O3‐Er1‐O2 146.14	(9)	
O3‐Y1‐O1	 137.89	(9)	 O4‐Er1‐O2 137.41	(8)	
O6W‐Y1‐N2	 137.83	(11)	 O6W‐Er1‐N1	 137.72	(11)	
O5W‐Y1‐N2	 137.12	(11)	 O5W‐Er1‐N1	 137.21	(11)	
O1‐Y1‐N2	 113.41(12)	 O4‐Er1‐N1	 109.07	(11)	











Signals	 due	 to	 the	methyl	 groups	 of	 the	 acetate	moieties	





Single‐crystal	 X‐ray	 diffraction	 analysis	 reveals	 that	
{[Ln(HL)(OAc)2(H2O)2]·NO3·H2O}	 (Ln	=	Y	 for	complex	Y3+	and	
Er	for	complex	Er3+)	complexes	have	similar	structures.	Pers‐
pective	 views	 of	 the	 complex	 Y3+	 and	 Er3+	 with	 the	 atomic	
labeling	 system	 are	 showed	 in	 Figure	 1a	 and	 b,	 respectively.	
Both	complexes	crystallize	 in	the	triclinic	crystal	system	with	
space	 group	Pī.	 Each	 complex	 shows	 in	 asymmetric	 unit	 one	
nine‐coordinated	Ln3+	 ion	with	a	distorted	 tricapped	 trigonal	
prism	geometry	as	reported	in	Figure	2a	and	b.	The	lanthanide	
atom	is	coordinated	by	one	azomethine	nitrogen	atom	and	two	
pyridine	nitrogen	 atoms	 from	 the	 Schiff	 base	HL	 ligand,	 four	
oxygen	atoms	from	the	two	bidentate	chelating	acetate	groups	
and	two	oxygen	atoms	from	coordinated	water	molecules.	The	
bonds	 lengths	 of	 Ln‐N	 of	 the	 two	 complexes	 are	 Y1‐N2	 =	
2.522(3)	 Å,	 Y1‐N1	 =	 2.554(3)	 Å,	 Y1‐N3	 =	 2.557(3)	 Å	 for	
complex	 Y3+	 and	 Er1‐N1	 =	 2.507(3)	 Å,	 Er1‐N3	 =	 2.540(3)	 Å,	






D‐H···A	*	 D‐H	(Å)	 H···A	(Å)	 D···A	(Å)	 D‐H···A	(°)	
Complex	Y3+	 	 	
O5W‐H5WA···O9a	 0.82	 2.04 2.852(4) 171	
O5W‐H5WA···O8a	 0.82	 2.60 3.195(4) 130	
O5W‐H5WB···O1b	 0.82	 1.90 2.710(3) 169	
O6W‐H6WA···O8	 0.83	 1.94	 2.769(4)	 176	
O6W‐H6WB···O7W	 0.82	 1.84	 2.661(4)	 171	
O7W‐H7WA···O10c	 0.85	 2.21 2.988(5) 152	
O7W‐H7WB···O9a	 0.85	 2.08	 2.914(5)	 168	
N4‐H4N···O4d	 0.91	 2.22	 3.009(6)	 145	
Complex	Er3+	 	 	 	 	
O5W‐H5WA···O10e	 0.81	 2.08 2.855(4) 162	
O5W‐H5WB···O2f	 0.81	 1.91 2.716(3) 174	
O6W‐H6WA···O7W	 0.81	 1.87 2.659(5) 165	
O6W‐H6WB···O8	 0.82	 1.95 2.771(4) 175	
O7W‐H7WA···O10e	 0.81	 2.12 2.923(5) 174	
O7W‐H7WB···O9g	 0.81	 2.19	 2.984(5)	 167	











This	 fact	can	be	explicated	by	the	radii	 contraction	of	 the	
lanthanide	 ions	 (rY3+	 =	 90	 pm	 and	 rEr3+	 =	 89	 pm).	 For	 both	
complexes	 the	 Ln‐O,	 when	 the	 oxygen	 atom	 is	 from	
carboxylate,	 bond	 lengths	 are	 comparable	 and	 vary	 in	 the	
range	 2.360(2)‐2.455(2)	 Å.	 The	 mean	 values	 of	 these	 Ln‐O	
bond	 lengths	 are	 2.424(3)	Å	 and	 2.419(2)	Å	 for	 Y3+	 and	Er3+	
complexes,	respectively.	The	average	of	the	Ln‐O	distances	for	
both	complexes	suggests	that	the	character	of	the	Er‐O	bond	is	
slightly	more	covalent	 than	 for	Y‐O.	These	values	are	 slightly	
smaller	 than	 the	 mean	 distances	 value	 found	 in	 carboxylate	
complex	 for	 Sm‐O	 lengths	 (2.462(5)	 Å)	 [28]	 and	 are	 longer	
than	the	value	found	for	Yb‐O	lengths	(2.378(2)	Å)	[29].	These	
observations	 can	 be	 correlated	 with	 the	 ions	 radii	 values	 of	
Sm3+	(96	pm)	and	Yb3+	(87	pm)	which	are	respectively	greater	
and	smaller	 than	 those	of	Y3+	 (90	pm)	and	Er3+	 (89	pm).	The	




The	 nitrate	 anion	 acts	 as	 counter	 ion	 as	 found	 in	 the	
infrared	 study	 of	 the	 complexes.	 The	 environments	 of	 Y3+	 as	
well	 as	 Er3+	 are	 best	 described	 by	 a	 distorted	 tricapped	
trigonal	prism	geometry	with	the	tree	caps	position	occupied,	
in	 each	 complex,	 by	 two	 oxygen	 atoms	 from	 two	 chelating	
acetate	 moieties	 and	 the	 azomethine	 nitrogen	 atom	 of	 the	
tridentate	 ligand.	 The	 angles	 sum	 subtended	 by	 the	 three	
capping	 atoms	 at	 Y3+	 and	 Er3+	 are	 respectively	 359.93°	 and	
359.99°.	 The	 crystal	 structures	 are	 stabilized	 by	 intermole‐
cular	 hydrogen	 bonds	 interactions	 resulting	 in	 three	 dimen‐
sional	networks	as	shown	in	Figure	3.	The	H‐bond	donors	are	
the	 H‐N	 of	 the	 hydrazine	 function	 and	 the	 H‐O	 from	 both	
coordinated	 and	 uncoordinated	 water	 molecules	 while	 the	
acceptors	 are	 the	 free	 nitrate	 anion	 oxygen	 atoms,	 acetate	






(pyridine‐2‐ylmethylene)hydrazine	 and	 its	 two	 new	 mono‐
nuclear	 yttrium(III)	 and	 erbium(III)	 complexes	 have	 been	
studied.	 Percentage	 scavenging	 activities	 of	 the	 test	 samples	
are	 calculated	 as	 per	 standard	 procedure.	 The	 percentage	
antioxidant	 activity	 of	 the	 novel	 compounds	 compared	 with	
ascorbic	acid	(AA)	is	represented	in	Figure	4.	IC50	value	of	the	
ascorbic	 acid	 is	 0.980±0.005	 μM	 while	 the	 synthesized	
compounds	 scavenge	 the	 DPPH•	 radical	 with	 IC50	 values	 of	
82.38±0.01,	 10.65±0.02	 and	 8.01±0.01	 μM	 for	 the	 ligand	HL	
and	 complexes	 Y3+	 and	 Er3+,	 respectively.	 These	 data	 imply	
that	 the	 ascorbic	 acid	 has	 a	 larger	 ability	 to	 scavenge	 the	
DPPH•	 than	 the	HL	 ligand	 and	 its	 two	 Ln(III)	 complexes.	 In	
screening	 these	 results	 it	 becomes	 clear	 that	 the	 inhibitory	
effect	 of	 the	 ligand	 and	 its	 complexes	 increases	 rapidly	with	
the	concentration	in	the	range	0‐50	µM	as	shown	in	Figure	4.	
The	DPPH•	inhibitory	effect	of	the	complexes	is	stronger	than	




















to	 more	 readily	 undergo	 the	 H‐abstraction	 reaction	 to	
neutralize	DPPH•	to	DPPH	as	shown	in	Scheme	2.	The	resulting	












































The	 mononuclear	 complexes	 of	 the	 ligand	 HL	 are	
synthesized	 and	 characterized	 as	 {[Ln(HL)(OAc)2(H2O)2]·	
NO3·H2O}.	 The	 structures	 of	 these	 complexes	 are	 established	
by	 single‐crystal	 X‐ray	 diffraction	 showing	 similar	 kinds	 of	
coordination	 geometry	 for	 each	 lanthanide	 ion.	 In	 these	
complexes,	 the	metal	 atoms	are	bonded	 to	 the	 ligand	by	 two	
nitrogen	atoms	from	two	pyridine	rings	and	the	azomethine	of	
the	 C=N‐NH	 chromophore.	 They	 are	 also	 bound	 in	 bidentate	
fashion	to	two	acetate	groups.	Two	water	molecules	complete	
the	 sphere	 of	 coordination	 forming	 Ln(III)	 complexes	with	 a	
coordination	 number	 of	 nine.	 The	 environment	 around	 the	
metal	center	is	best	described	as	a	distorted	tricapped	trigonal	















CCDC‐1511898	 (Complex	 Y3+)	 and	 1511902	 (Complex	
Er3+)	contain	the	supplementary	crystallographic	data	for	this	
paper.	 The	 data	 can	 be	 obtained	 free	 of	 charge	 at	
http://www.ccdc.cam.ac.uk/const/retrieving.html	or	from	the	
Cambridge	 Crystallographic	 Data	 Centre	 (CCDC),	 12	 Union	
Road,	Cambridge	CB2	1EZ,	UK;	fax:	+44(0)1223‐336033	or	e‐
mail:	deposit@ccdc.cam.ac.uk.	
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